[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #92bis	R1-1803646
Sanya, China, April 16th –April 20th, 2018

Agenda Item:	7.1.3.2.3
Source:	Huawei, HiSilicon
Title:	Remaining issues on UCI multiplexing
Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]The first NR NSA specifications were approved in Dec 2017. Since then, the major focus is to improve the quality of the specifications and reduce the errors. In this contribution some remaining issues on UCI multiplexing are discussed. In addition, some considerations on UCI multiplexing for SUL scenario are also presented.
Discussion
UCI piggyback without data
Indication of UCI-only and modulation order of PUSCH without UL-SCH
	Agreements:
For UCI-only multiplexed on PUSCH without UL-SCH
· Modulation order and code rate are signalled in DCI.
· Resource determination following the same principle as UCI multiplexing on PUSCH with UL-SCH.  
· FFS: A-CSI only without UL-SCH on PUSCH is triggered explicitly based on adding one bit in DCI or triggered implicitly based on a special combination of certain existing fields in DCI.
· FFS: how modulation and code rate are signalled.


In RAN1#92 meeting [1], the above agreement was reached and the indication of A-CSI only without UL-SCH is left for further study. One simple way to indicate UCI-only PUSCH is adding 1-bit ‘UL-SCH indicator’ field in the DCI format scheduling PUSCH. However, this introduces an extra field in the DCI. Since HARQ-ACK does not need to be included in UCI-only PUSCH, there are some redundant fields (e.g. RV, HARQ ID) which could be exploited to indicate UCI-only implicitly. The key principle of this implicit indication is that the combined value of such fields should be carefully examined to minimize the impact to the HARQ-ACK procedure of PUSCH with UL-SCH. Given that, we consider the following combination as the UCI-only indication: (1) RV = 1, (2) HARQ ID = 15, and (3) NDI is toggled compared to previous DCI with HARQ ID = 15.
The reason to choose RV = 1 and HARQ ID = 15 is that RV = 1 is the least likely used RV version, and HARQ ID = 15 is the least likely used HARQ process. In addition, since RV = 1 is not self-decodable, the combination of toggled NDI and RV = 1 does not cause a confusion issue with initial transmission. 
[bookmark: OLE_LINK1]As for the modulation order indication, MCS field is reused in the same way as PUSCH with UL-SCH, and  is set to take a value from. Then not only can the modulation order be determined, but also a coding rate. The benefit of this also-indicated coding rate will be explained in subsection 2.1.2, where it is called ‘reference coding rate’.
Proposal 1: The following combination is interpreted as UCI-only PUSCH by UE: (1) RV = 1, (2) HARQ ID = 15, and (3) NDI is toggled compared to previous DCI with HARQ ID = 15.

Proposal 2:  is set to take a value from  to determine the modulation order, as well as a ‘reference code rate’ of UCI-only PUSCH.
Number of resources for UCI and CSI part 2 ommission rule
For CSI resource allocation, only the payload size of CSI part 1 is known by gNB. The payload size of CSI part 2 depends on the value of CSI part 1, which cannot be obtained in advance. Some proposed method defines a predetermined CSI part 2 reference payload size , which assumes the RI in CSI part 1 corresponds to, e.g., rank = 1, or the maximum/minimum value of CSI part 2 payload size [2]. An example for calculating number of REs for CSI-1 is given as follows,
  (1)
where  is the total amount of REs of the PUSCH available for UCI, and the  is the number of REs allocated to HARQ-ACK, which are  used to give an upper bound on .
However, some problems exist for this predefined  if it is considered jointly with the CSI-part2 omission. A threshold code rate  for CSI-part2 is agreed in RAN1#92 [1] as follows
	Agreements:
· When CSI part 2 piggybacked on PUSCH without UL-SCH, lower priority information bits are omitted until CSI Part 2 UCI code rate is below  where 

· FFS: CSI-1 is based on code rate calculated at UE or signalled by gNB in DCI . 
· Note: if C_T is larger than 1, UE consider it is an error case.


Assuming the CSI-part1 code rate  is based on UE calculation, then it is given as: 
  (2)
where  is the modulation order.
Considering both (1) and (2), we have 
 .  (3)
Since , thus the code rate of CSI-part2
  . (4)
From equation (3) and (4), we can infer that
· If the predefined  is set to a small value, such as the payload size of CSI-part2 with rank = 1, then even if the actual rank is 1 (which makes , thus ), part of CSI-part2 has to be omitted to decrease  to below . Needless to say if the actual rank is 2, which corresponds to a big payload size of CSI-part2, a large part of CSI-part2 has to be omitted. 
· If the predefined  is set to a big value, such as the maximum payload size of CSI-part2, then from (1), it can be inferred that only a small percentage of REs is allocated to CSI-part1 which may lead to less than enough protection level for CSI-part1. Especially when the actual rank is 1, too large a percentage of REs are allocated to CSI-part2 whose actual payload is not-that-big, and it will be a waste of PUSCH resources. As long as the actual payload size  satisfies , no part of CSI-part2 has to be omitted.
Observation 1: A predefined (fixed) CSI-part2 reference payload size  has a limitation on the flexibility of CSI-part2 omission.
To make the CSI-2 omission more flexible, the omission rule should be controllable by gNB. Instead of a predefined parameter (e.g. ), a dynamically indicated parameter is more preferable.
Since the potential of MCS field in DCI has still not been exploited completely, the simplest way to indicate this dynamic parameter is to determine a ‘reference code rate’  using the MCS index. Here  represent the ‘virtual’ code rate for the non-existed UL-SCH. The purpose of not indicating the code rate of CSI-part1 directly is that the already-agreed MCS table is designed for UL-SCH. Besides, with , it is very easy to obtain the code rates for CSI-part1.
Proposal 3: UCI resource allocation and CSI-part2 omission is jointly designed by equation (5) to (8), with dynamic ‘reference code rate’  indicated by MCS field in DCI.
  (5)
  (6)
  (7)
  (8)
UCI piggyback rule for  partial overlap between PUCCH and PUSCH
	Agreements:
· When a single slot PUCCH overlap with a single slot PUSCH with the same starting symbol and with different ending symbols, PUCCH is not transmitted and UCI is piggybacked on PUSCH using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH. 
· FFS: overlap for multiple slot transmissions.


In RAN1#92 meeting [1], the above agreement was reached for the scenario of PUCCH and PUSCH in a single slot with starting symbol aligned. However, this does not include all the occasion cases in a single slot. In this section, all the single slot cases are analysed, and solutions are proposed for both single slot and multiple slot case, respectively.
Remaining cases for single slot case
For eMBB service, in general, piggyback or dropping method will be used but as the function and importance of different UCI types are different, the detailed solution could be different and will be discussed in this section.
Multiplexing SR with PUSCH
For multiplexing SR with PUSCH, to simplify the complexity of analysis, partial overlapping can be divided into two cases: SR transmission occasion is earlier than PUSCH (or at the same time) or SR transmit occasion is later than PUSCH, which are shown in Figure 1.

[bookmark: _Ref506128682][bookmark: _Ref510539692]Figure 1. Multiplexing PUCCH and PUSCH.
If SR transmit occasion is earlier than PUSCH (or at the same time) as shown as case B in Figure 1: 
· SR information can be carried by the BSR in MAC CE of PUSCH. 
If SR transmit occasion is later than PUSCH, there will be two conditions as shown in case A in Figure 1:
· If SR information arrives earlier than PUSCH transmission even though its transmission could be later than that of PUSCH, in this case, SR information can be carried by the BSR in MAC CE of PUSCH.
· If SR information arrives after the start of PUSCH transmission (“duration X” in the Figure 1), SR information cannot be piggyback on PUSCH, and in this case it will be dropped.
Given the above discussion, the following proposal could be considered,
 Proposal 4: For eMBB SR partially overlapping with eMBB PUSCH:
· SR information can be carried by BSR in PUSCH if processing time permits.
· Otherwise, drop SR transmission at least in overlap region.
Multiplexing HARQ-ACK with PUSCH
 In RAN1#90bis meeting [3] the following agreement was reached: 
	Agreements:
· In Rel-15, do not support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH.


Based on this agreement, as DL assignments are no later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH, the gNB could schedule the PUSCH to align with the PUCCH and allow enough processing time for both HARQ-ACK and PUSCH so that HARQ-ACK could be piggyback on the PUSCH. However due to scheduling restriction, this expectation may not be fulfilled all the time. To simplify the design, for the partial overlapping case, the similar solution can be reused as in the full overlap case. 
If DL assignment is earlier than (or at the same slot as)  the UL grant, gNB will judge if time is enough to prepare all HARQ-ACK information before processing PUSCH. To be more specific:
· If HARQ-ACK processing time is not enough so that HARQ-ACK could not be piggybacked on PUSCH as shown in case A of  Figure 1, the UE could drop HARQ-ACK  and transmit PUSCH 
· If processing time is enough, HARQ-ACK will be piggyback on PUSCH just like the full overlap case. Here the processing time include both HARQ-ACK processing time (K1 or N1) and PUSCH processing time (K2 or N2).
Given the above discussion, the following proposal could be considered,
Proposal 5: For eMBB HARQ-ACK partially overlapping with eMBB PUSCH
· Piggyback HARQ-ACK information on PUSCH if processing time permits. 
Multiplexing CSI with PUSCH
So far, aperiodic CSI is not supported on PUCCH yet, so we just analyze periodic CSI (P-CSI) and semi-persistent CSI (SP-CSI) for now. For P-CSI and SP-CSI, gNB and UE can estimate if processing time at the UE is enough to prepare the P-CSI/SP-CSI and piggyback them on PUSCH 
· If processing time is not enough, gNB and UE  can  drop P-CSI/SP-CSI and only transmit PUSCH
· If processing time is enough, P-CSI and SP-CSI can be piggybacked on PUSCH. 
As these types of CSI reports are periodic or semi-persistent, the processing time could be enough normally, in which cases, the CSI could be piggybacked on the PUSCH. However, besides processing time, resource limitation could be another factor as CSI report could require more resource to transmit.  Taking this into consideration, either gNB allocates more resources when scheduling PUSCH to accommodate both data and CSI, or CSI reports are dropped partially if not enough resource is scheduled. 
Given the above discussion, the following proposal could be considered,
Proposal 6: For P-CSI and SP-CSI partially overlapping with eMBB PUSCH, 
· Piggyback P-CSI and SP-CSI on PUSCH if time and resource permits.
· Alternatively, drop P-CSI and SP-CSI. 
Multiple slot piggyback rule
For multi-slot PUCCH and PUSCH overlapping issue, it can be sub-divided into the issue of single slot case. Essentially, there is no reason for different treatment of each slot than that of single slot case. Thus, multi slot piggyback rule should be based on the rule of subsection 2.2.1.
Roughly summarizing proposal 4 to 6, UCI is always piggybacked on PUSCH if UE processing time allows. Then based on the single slot solution, the solution for multi-slot is given below
Proposal 7: For multi-slot transmission, overlapped PUCCH and PUSCH is handled the same way as single-slot case in each slot. (Wherein each slot, UCI is always piggybacked on PUSCH if UE processing time allowed -- by summarizing proposal 4 to 6).
UCI multiplexing with PUSCH on UL and SUL
In Section 9 of 38.213, the agreement of UCI multiplexing between UL and SUL is not captured, according to the agreement in RAN1#91
	RAN1#91 Agreements:
If the network scheduling results in PUCCH and PUSCH transmissions for a UE overlapping in time on the non-SUL and SUL, the UE multiplexes UCI on PUSCH if such multiplexing does not put more stringent requirements on processing time compared to the case where UCI is multiplexed on PUSCH when operating on a single carrier.


For that, we have the following proposal.
Proposal 8: Add the description of supporting UCI multiplexing between UL and SUL. The details are in the contribution [4].
Conclusions
Based on above discussions, the following observation and proposals are given:
Observation 1: A predefined (fixed) CSI-part2 reference payload size  has a limitation on the flexibility of CSI-part2 omission.
Proposal 1: The following combination is interpreted as UCI-only PUSCH by UE: (1) RV = 1, (2) HARQ ID = 15, and (3) NDI is toggled compared to previous DCI with HARQ ID = 15.

Proposal 2:  is set to take a value from  to determine the modulation order, as well as a ‘reference code rate’ of UCI-only PUSCH.
Proposal 3: UCI resource allocation and CSI-part2 omission is jointly designed by equation (5) to (8), with dynamic ‘reference code rate’  indicated by MCS field in DCI.
  (5)
  (6)
  (7)
  (8)
Proposal 4: For eMBB SR partially overlapping with eMBB PUSCH:
· SR information can be carried by BSR in PUSCH if processing time permits.
· Otherwise, drop SR transmission at least in overlap region.
Proposal 5: For eMBB HARQ-ACK partially overlapping with eMBB PUSCH
· Piggyback HARQ-ACK information on PUSCH if processing time permits. 
Proposal 6: For P-CSI and SP-CSI partially overlapping with eMBB PUSCH, 
· Piggyback P-CSI and SP-CSI on PUSCH if time and resource permits.
· Alternatively, drop P-CSI and SP-CSI. 
Proposal 7: For multi-slot transmission, overlapped PUCCH and PUSCH is handled the same way as single-slot case in each slot. (Wherein each slot, UCI is always piggybacked on PUSCH if UE processing time allowed -- by summarizing proposal 4 to 6).
Proposal 8: Add the description of supporting UCI multiplexing between UL and SUL. The details are in the contribution [4].
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